Abstract-MIMO radar imaging is receIVIng a substantial attention, thanks to its high resolution capacit y . Whereas, the complexit y and the cost of the active devices able to simul taneousl y transmit and receive signals of each antenna is a disincentive for the expansion of this technolog y , particularl y using UWB signals. In this paper, a passive device is presented to achieve MIMO radar imaging using a single-port reflection measurement.
I. INT RODUCTION
The conventional radar systems use an antenna array to achieve beamforming: the waves reflected on the scene to image are received by a single antenna for different beam steering and a time-angle image can be computed. Conversely, a single antenna can light the scene and the reflected waveforms gathered by the antenna array can be delayed and summed to achieve beamforming. Recently, a new technique using antenna arrays for the transmission and the reception has received a substantial attention [1] [2] . Indeed, the use of a multiple-input multiple-output (MIMO) system for radar imaging allows an improvement of the image resolution compared to conventional beamforming techniques [3] . The spatial diversity of the medium is exploited through the low level of transfer function's correlation between each antenna. Thus, independent signals can be sent to each receiving element by all the transmitters. MIMO radar can be applied to a wide range of applications such as medical diagnosis [4] , through-wall imaging [5] and concealed weapon detection [6] . Whereas, a complex architecture is required to reach this resolution, presenting as much transmitting and receiving systems as ports involved in the MIMO radar.
In this paper, a single-port MIMO radar is introduced : by mean of a passive 1 x N device able to perform a compression in the physical layer of the waveforms received by an antenna array, MIMO radar imaging is performed with a single-port reflection measurement.
II. THEORETICAL PRINCIPLE
The system presented in this paper is a mono-static MIMO radar, meaning that the same antenna array is used for both transmission and reception. A 1 x N passive device is connected to the N antennas of the array. The purpose of this system is to achieve a physical compression of the received waveforms to get an unique coded signal containing all the information (Fig. 1 ) .
Coding device
Antenna array Target By measuring the reflected wave at the coding device's input port, the scattering matrix of a set of targets is compressed, leading to a measured signal S ( J) :
The wave emitted at the passive device's input is coded by The scattering matrix is coded by the propagation in the passive device, so the useful data are compressed by transfer functions that has been pre-measured. Computing the pseudo inverse of [H(J)] , the scattering matrix can be retrieved :
where [Mr(J)] is the reconstructed matrix and [H(J)] -l is the pseudo inverse of the vector [H ( J)] calculated using a Tikhonov Regularization :
with t the transpose-conjugate operator and [ IN ] the N x N identity matrix. The value of the scalar f3 prevents any ill conditioning problem by adding a threshold to the inverted part. The aim of the transfer function pseudo-inverse is to cancel the compression applied to the signals by the propaga tion in the passive device. Thus, an ideal pseudo-inverse would satisfy the following condition :
Developing the equation (2) with these ideal conditions, the reconstructed matrix [M r (f) ] becomes :
leading to a perfect reconstruction of the scattering matrix
In practice, the matrix reconstruction can not be perfect at a single frequency, but is improved in the time domain using the constructive effect of the egalization.
Furthermore, to get a good decoding the passive device's channels must have a low level of cross-correlation to avoid the projection of a signal on the others during the coding/decoding process. In a device with large delay spread channels impulse responses, the use of UWB signals allows the exploitation of the medium richness to decrease the cross-correlation level of channels [7] . If the conditions previously cited are satisfied, the MIMO radar imaging can be achieved using the setup depicted in the figure (1). Thus, images can be computed using a conventional delay-and-sum algorithm.
A reverberating cell of l.lm x 0.7m x 0.6m is used to reach these particular conditions. The very large modal diversity in this over-sized cavity is well suited to get uncorrelated channels. Thus, UWB probes are randomly set in the cell and connected to each output (Fig. 2) , leading to highly frequency selective channels between the input and the outputs. A metal plate is set in front of the input probe to avoid a common direct path to the output probes that could increase the correlation level between each channel impulse response.
Input
Metal UWB plate probe The reverberating cell's channels are measured in the 2-10 GHz band with a vector network analyzer ZVL Rohde and Schwarz, using 4001 frequency samples (Fig. 3) . For each transmission measurement, all the remaining ports are connected to 50n SMA tenninations. The matrix corresponding to the compression and decom pression of the information can be analyzed to check if the channel are uncorrelated enough to retrieve the information. Using MatIah, the following inverse Fourier transfonn can be computed :
For the sake of simplicity, the matrix [ R ( t )] is referred as the correlation matrix of the device's channels. That name would be rigorously true only if f3 was large enough to get a pseudo-inverse equivalent to a phase-compensation, or time reversal in time domain. According to equation (4) The maximum value of each correlation's absolute value is depicted in the figure (5) . An average ratio of 17 between the autocorrelations and the intercorrelations levels ensures a good reconstruction of the scattering matrix, with a low inter-signals projection. Single-Port Conventional The amplitudes are normalized by the highest autocorrelation level. A simulation of near-field imaging is computed using the measured reverberating cell's channel to demonstrate the single-port MIMO imaging capacity of this device. A Matlah program simulates a 5 x 4 array made of isotropic antennas connected to the 20 channels of the cell. The inter-element space is set to d = 2.5 e f ! f . = 6.25em, with e the max m'tn celerity of light. A 36cm x 24em weapon is positioned at a distance of 0.5m of the array (Fig. 6 ). The scene is confined in a 1m x 1m x 1m volume, divided in 71 x 71 x 71 voxels. Delays are applied to the scattering matrix elements to focus on each voxel (Fig. 7) .
A front view is extracted from the 3D data at the weapon's distance (Fig. 8) . The single-port imaging is less precise than the conventional MIMO method, but still presents the resolution required to detect the weapon.
III. MEASUREMENT S
The reverberating cell has been connected to an 5 x 4 antenna array to measure radar images (Fig. 9) . The antennas has been developed using the software CST Microwave Studio starting from [8] , and optimized for a FR4-epoxy substrate in the 2 -10 G H z bandwidth. At first, a reflexion measurement is achieved at the passive device's input using the network analyzer without target in front of the antenna array. Thus, the inter-element coupling is measured to be sub tracted from the next measurements. Then, a target is set in front of the antenna array on a foam structure whom relative permittivity is close to l. The target is a steel petanque ball of diameter 7.5 em, set at a range of 50 em from the array (Fig. 10) . The computed images are depicted in figure (11) . The ball's position is correctly retrieved using this new technique of MIMO imaging.
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IV. CONCLUSION
A passive multiplexing device has been presented to achieve single-port MIMO imaging. The image resolution should be enhanced by increasing the number of antennas and by apply ing de-noising techniques to the results. With an average ratio of 17 between the autocorrelations and the intercorrelations levels, the number of antenna could be increased with a low impact on the image noise level. Several solutions for the miniaturization of the passive device are under study to get highly dispersive and frequency selective channels using meta materials planar structure and frequency selective surfaces. Using k-space interpolation to decrease the computational time [9] , associated to a non-linearly spaced antenna array to increase the imaging resolution [3] , this system could be a low-cost solution to achieve real-time high resolution imaging.
